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(51) 6 G01R27/22, G01N27/07 



❖EflEPAilbHAfi CJ1Y>K5A 
no HHTEJIJIEKTYAJlbHOfi 
COBCTBEHHOCTM, 
nATEHTAM H TOBAPHbIM 3HAKAM 
(POCFIATEHT) 



(i2)OnMCAHME 
M30EPETEHMH 

k naTeHTy Poccmmckom Oeflepaqmi 

CtaTyc: no AaHHbiw Ha 19.03.2007 - npeKpatMJi AeHCTBwe 



(71) Hmh 3aaBMTe^«: BepeBKMH B.M.; 
BbicTpoB B.A.; nojifiKOB C.E. 

(72) Hmh M3o6peTaTena: BepeBKHH B.M.; 
BbicTpoB B.A.; ncmflKOB C.E. 

(73) V\M9i naTeHTOoS/iaflaTejia: BepeBKMH 
BartepMH Hbshobhh; BbicTpoB 
BanepMM AneKcaHflpoBim 



(14)flaTa nyS/iMKamin: 1995.10.20 

(21) PerncTpauwoHHbiti Howiep 3aflBKM: 5024034/10 

(22) flaTa noflanii 3aflBKn: 1992.01.27 
(45) OnySjitiKOBaHo: 1995.10.20 
(56) AHanorn M3o6peTeHna: 1. ABTopcKoe 

CBHAeTenbCTBO CCCP N 1538148, m. G 01R 
27/22, 1987. 2. ABTopcKoe CBiifleTenbCTBo CCCP 
N 1762262, m. G 01 R 27/22, 1990. 3. ABTopcKoe 
CBMfleTe ji bCTBo CCCP N 1684724, icn. G 01R 
27/22, 1989. 

(54) yCTPOMCTBOflJlfl H3MEPEHH51 yflEJlbHOI/l SJlEKTPOnPOBOflHOCTM 
>KHflKMX CPEfl 

Mcnojib30BaHwe: M3wiepeHne yflenbHoi* aneicrponpoBOflHoc™ wiflKux cpefl b ycnoBMfix flewcTBMfi ctopohhmx 
mctohhhkob toks. CyiUHocrb M3o6peTeHK*: ycTpofiCTBo Ana w3MepeHMH yaenbHOCi 9^eKTponpoBOAHOCTH 
wmakmx cpefl coflep>KMTflaTSMK, BbinojiHeHHbifi 8 BMfle craKaHa m TBepfloro fluaneicrpMHecKoro Maiepnana, 
b Kopnyce KOToporo ycTaHOB/ieHbi flMCKOBbifl n KonbLteBoii axieiopoflbi, KOTopbie noflicriioHeHbi k 
perncrpaTopy HanpraeHWfl, fluCKOBbiw aneicrpofl nepea nooieflOBaTe/ibHO coeflnneHHwe peracrpaTop to tea w 
nepewieHHUM pe3Wcrop noflnnroneH k MCTOMHUKy nvrraHwa, b KanecTBe KOToporo ncnonb30BaH mctohhmk 
nmama, TexHOJioranecKoro npoqecca. 1 vin. 1 Ta6n. 

OnMCAHME M30BPETEHMJ1 



M3o6peTeHwe othocmtch k M3MepwTenbHow TexHWKe, b sacTHOCTH k ycTpoiicTBaM /yin M3MepeHna yflenbHoCi 
aneicrponpoBOflHoc™ jkwakhx cpefl b ycnoBiwx fleficTBHa ctopohhmx mctomhmkob TOKa, b tom Mucne b 
noKanbHbix o6i.eMax c hm3kom n/iOTHocTbio Tora. 



M3BecTeH flaTMWK, coflep>Kau4MM KepaMMMecKnw Kopnyc c KananoM fljia BbiBOflOB n M3MepnTenbHO« 
nonocTbio. flBywifl TOKOBbiiuw aneiorpoflaMM, Tpeiwa noTeHUnanbHbiMM 30HflaMW, coeflMHeHHbiwin c 
H3MepnTejibHofi nonocTbio. KepaiwuMecKM m Kopnyc Bbino/weH OTKpbrrbiM cH«3y. Me>Kfly BepxHUM topmom m 
M3MepnTejibHoii nonocTbio KepawinHecKoro Kopnyca pacno;io>KeH xaHan fl/w npoflyBaHra nonocrn i/mepTHbiM 

ra^nM Ml 



HeflOdaTKOM aToro ycrpoficTBa aBJweTca HeB03Mo>KHOCTb M3MepeHiw yflejibHbix aneicrponpoBOflHocTeH 

JKHflKMX Cpefl B yCJlOBMHX OflHOBpeMeHHOrO npOTeKaHMfl no HQV\ TOKa OT CTOpOHHerO MCTOHHMKa. 3TO CBfl3aHO 

cTewi, hto M3wiepeHne ocyu4ecTBnjieTcn ot BHyTpeHHero MCTOHHMKa TOKa. npn wammw cropoHHero 
MCTOHHMKa TOKa b M3MepMTeJibHOM norjocro 6yfleT paBeH cywiwie flByx tokob: BHyTpeHHero m CTopoHHero, hto 
bhocmt So/ibujue norpeuiHOCTM m flenaeT HeflocroBepHbiMU pe3ynbTa™ M3MepeHWM. 3to ncunioHaeT 
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B03MO)i<HocTb M3MepeHMH yflexibHoK aneiaponpoBOflHocTH b arperare c HenpepbiBHbiM npoTeraHweM nepe3 
WHflKyio cpefly paSonero TOKa, HanpwMep pacnnaBa wwxTbf b anioMMHMeBOM 3neinponM3epe. B nocneAHeiu b 
pa6oneM pexwue i/icKniweHa B03MO»<HocTb Aawe KpaTkoBpeweHHoro OTKnioHeHMH paSovero TOKa. Kpowie 
Toro, flaTHMK cno>i<eH no KOHcrpyKqwu. 

M3BecTeH KOHTaicrHbiK flaTMMK, coflepxauiHti fluanempMHecKyio Tpy6Ky c Tpeiua KonbqeBbiMM aneicrpoflaMii, 
oflHH M3 Ko-ropbix pacnonaraeTca cHapyaw, a Asa BHyTpu 3anoAnnuo c noBepxHocrbro CTeHKM TpySiw, 
perncTpaTop HanpaweHMH, aiwnepivieTp, nepeMeHHbifi peancrrop, coflep>KHT BHyipeHHMM mctomhmk TOKa m 
BbiKmonaTe/ib, npw stom HapywHbitf aneiopoA m oamh H3 BHyTpeHHMx aneicrpoflos pacnonorceHbi nocepeflUHe 
TpygKH, BHyTpeHHue aneirrpoAbi coeflHHeHbi nepe3 perucTparap HanpjweHMR, pacno/ioweHHbie nocepeAUHe 
Tpy6Kw, HapyxHbiw w BHyTpsHHuCi ajieicrpoA coeAHHeHbi nepe3 nocneAOBaTenbHo BioifOHeHHbie 
BbiKmo-HaTejib, aMnepwieTp, mctomhmk TOKa n nepeivieHHbiPi pe3ncrop [2] 

HeAOCTaTKoiui aToro ycTpoftcTBa aBnaeTca TecHas 3aBncniuiocTb BenMHMHbi TOKa, npoTeKaiotyero no 
M3Mep«ewioMy ynacTKy MccneAyeMoPi cpeAbi BHyipM flaTMMKa, OTero n pocTpaHCTBeHHow opMeHTaqwu 

OTHOCMTe/l bHO SKBMTOKOBblX ni/lHMM. T3K K3K no OAHOMy M3 y3KMX KOnbL|eBblX 3JieKTp0A0B, BXOAHUIMX B 

M3MepMTenbHyio qenb peracrpaTopa HanpaweHMa, npOTexaeT cwjiobom tok, to Ha HeM sktmbho npoTeKaiOT 
nonHpM3aqwoHHbie npoueccbi. BcneACTBMe stofo noHiwaeTCfl TOHHOCTb H3M8peHHFi yAenbHOM 
aneicrponpoBOAHocTM MccneAyeMofi cpeAbi. 

HaMoonee 6jim3kmm no TexHimecKOM cymnocTM k npeAnaraeMOMy HBnaeTca ycrpofiCTBO H3MepeHua 
yAenbHoti aneicrponpoBOAHOc™, KOTopoe BbinonHeHO b BMfle AManeicrpMHecKOM Tpy6xM c tokobumm m 

KOJlbqeBblMM M3MepMTeJlbHbllVIM SJieKTpOAaMM, M3 KOTOpbfXTOKOBbie M OAMH M3 M3MepMTejlbHblX 3JieKTpOflOB 

pacnono>KeHbi BHyTpM Tpygw, coflepwwT awinepMeTp, peracrrpaTopbi, AononHMTenbHO coa6P>kht 
nepeiweHHbiM pe3MCTop, noAKnioHeHHbiM sepe3 aMnepMeTp k He3a3eMneHHbiM tokobwm aneiapoAawi, 
BbinonHeHHbiM b BMAe amckob, pa3AeneHHbix Apyr OTflpyra M3onaqMOHHOM npoioiaAKOM, npw stom HapywHbie 
3/ieKjpoAbi, noAKnto^eHHbie k nepBoiwy perMcrpaTopy, pacnonoweHbi cooTBeTCTBeHHO nap, BHyrpeHHMM 
M3MepMTejibHbiwi aneirrpoAOM m 6nM>KafiujMM k Heiuy TOKOBbiM aneiopcAOM, Koropwe noAKntoneHbi k BTopoiuiy 
perMcrpaTopy [3] 

YcrpoticTBO cneuMariM3MpoBaHHoe, w npw M3MepeHMM yaenbHbix aneicrponpoBOAHOCTeii wmakmx cpeA Ha 
Manbix TOKax era TOMHOcTb naAaeT, Tax ksk MSMepaeMan BennnnHa TOKa CTaHOBMTca coM3MepMiwoM c 
oujm6kom awtnepwieTpa. (lpM ywieHbLueHMM Benmmbi conpoTMBneHMfl nepeivieHHoro pe3MCTopa CMJiaTOKa, 
npoxoflaiMero Mepe3 ynacTOK nccneAyeMofi cpeAbi, pacnojiroKeHHbifl BHyTpw rpy6m AaTMMKa, 
yBejiMHMBaeTCfl. 3to yBenwHeHMe bo3Mo^<ho ao npeAena, orpaHMMeHHoro cyMMapHbiM sneicrpwHecKUM 
conpoTMBJieHMeiw noABOflaaiwx npoBOAOB m aMnepwieTpa. Ecnu >Ke HanpyixeHHOCTb sneicrpwHecKoro nona Ha 
A3HH0M ynacTKe nccneAyewiOM cpeflbi Maria, to 0Ka3biBaeTcn ManoCi BennHMHa cunbi Toica ot ctopohhmx 
mctohhmkob TOKa. OHa npM BecbMa Manbix Hanpa>keHBoc™ sneKTpMnecKoro no/in m nnoTHocrw TOKa ot 
ctopohhmx mctohhmkob TOKa 0Ka3biBaeTcs 6nM3Koii k ouin6Ke W3MepeHMP cMJibi TOKa aMnepivieTpoM. 
YcTpoficTBO He no3BoruieT cymecTBeHHo annsTb Ha TOMHocTb M3iviepeHMfl nyTewi aKTMBHoro BMeiuaTenbCTBa 
b npouecc M3iwepeHMa. Tax, npM iwanbix 3HaseHHHx HanpajKeHHocTH sneiapMHecKoro nona n nnoTHOCTM tokb 
ot ctopohhmx mctomhhkob yBejiMHeHwe cwjibi TOKa Ha MccneAyeiwowi ynacTKe a/ieKTpMMecKOM ^e^M BHyTpM 
Tpy6KM A3T4MK3 bo3mo>kho TiMiub nyTeM yiweHbiueHMa ao Hyna BeriMHMHbi conpoTMBJieHwn nepewieHHoro 
pe3MCTopa. flanbHeMuiee yBeriMneHMe cMnw TOKa Ana noBbiiueHwa tohhoctm M3iwepeHMn yAenbHOM 
sneiaponpoBOAHOCTM cpeAbi OKa3biBaeTcn Heso3MOJKHbiM. CymecrBeHHbiM HeA0CT3TK0M stoto ycTpoticTBa 
aBJiseTCfl o6a3aTenbHayi opweHTaMMa AaTHMKa BAonb sKBHTOKOBbix jimhw^. 3TOTpe6yeT cneunanbHbix 
npMcnoco6neHMM axw opweHTaMMM asthmkb, mto BeAeT k yAopojKanMio ctommoctm aroro ycrpoMCTBa. 

Uenb M3o6peTeH«fi co3AaHMe ycrpoMCTBa Ana M3wiepeHMfl yflenbHoPi aneicrponpoBOAHOc™, KOHCTpyKUMn 
KOToporo o6ecneHMBana 6bi noBbiiueHMe tohhoctm M3MepeHMa yAenbHbix aneKrponpoBOAHocTeM 
wccneAyeMbix cpeA b o6-beMax c MMHMManbHbiMM 3HaHeHnnMW nnoTHOCTM TOKa ot ctopohhmx mctohhmkob. 

CymeCTso M3o6peTeHMn 3aKnroHaeTcyi btom, hto ycTpowcTBO A^a M3iuepeHMfl yAenbHOM 
sneicrponpoBOflHOCTM, coAepKamee A3thmk c pacnano>KeHHbiM b HeM AHCKOBbiM m KonbLieBbiM 
aneiapoAaMM, perMCTpaTop TOKa m peracrpaTop HanpaxeHHiR, BKnroHeHHbiPi Me?KAy AwcKOBbiM m KoribqeBbiM 
3neKTpoAaMM, nepeMeHHbiM pe3MCTop, ycTpofiCTBo Ana ycTaHOBKM A3thmk3 b MCcneAyeMbiiS noKanbHbiCi 
o6-beM, oho AonojiHMTenbHO coAep>KMT craKaH, BbinonHeHHbiM ms AnoneicrpMHecKoro MaTepMana, npwneM 
AMCKOBbiii aneiapoA nepe3 perwcTpaTop TOKa m nepeMeHHbiPi pe3MCTop coeAMHeH co ctopohhwm mctohhmkom 

nMT3HMH. 



ycrpoiicTBO no3BonfleT He ToribKO npow3B0AMTb MSMepeHwe b >kmakom cpeAe b ycnoBMfix B03AeMCTBMn Ha 

Hee CTOPOHHMX MCTOHHMKOB TOKa, HO M MCnOJlb30BaTb 3TM MCTOHHMKM B npoqeCCe M3MepeHMfl. H3MeHeHMeM 

BeriMHMHbi conpoTMBJieHMfi nepeMeHHoro peawcTopa mo>kho eriMflTb Ha TOHHocTb M3MepeHMn m nonynaTb 
xopoiuwe pe3yribTaTbi naxe npM Manbix TexHonoranecKHX toksx ot ctopohhmx mctohhmkob, T.e. TexTOKax 
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KO-ropbie npoTenaioT no wuflKOM cpefle b arperaie. 3to bo3mo>kho 6jiardflapa Toiwy, mto npu coeflUHeHMH 
tokoboto flMCKOsoro aneicrpofla c oahom M3 kdsmm mctomhhks nmaHvm m ajieicrpuMeCKOM qenn MCKnioMaeTcs 
ynacroK c ropasflo 6oribiiiMM conpoTOBneHneM, Meiw conpoTMBJieHne m30/ihi4hohho« npowiaAKM b MSBecTHOM 
ycTpoMCTBe. B npefljiaraeMOM ycrpoHCTBe ceseHiie MCKmoMaewioro yMacnca snevxpmecmti ueni/i 
cooTBeTCTByeT3Cp4)eKTOBHOMy nonepe^HOMy cenemto bshhu arperaTa, Ha Kcrropoe tok pacTeKaeTca b 
06-beMe arperaTa, a flrwHa paccTOHHMio ot AMCKOBoro aneicrpoAa AaTMiwa flo sneicrpofla arperaTa, KOTopbifi 
coeflMHeH c oflHOw M3 KneMiu HcroHHMKa nwTaHMA. 3to paccTOAHne Taioice mox&t MHoroKpaTHo npeBbiiuaTb 
flriMHy H3onni4MOHHOM npoxnaflKM npoTowna. flpn yMeHbUiemw conpoTMBJieHwn nepeiueHHoro peswcTopa 
yBennsMBaioTca HanpaweHHocTb v\ n/ioTHocrb TOKa Ha M3MepaeM0M yMacrce Mccneflyeivioii cpeflbi. TaKHM 
o6pa30M cuny TOKa mowho yBeriHHHTb HacTonbKO, mto otiinSKa H3MepeH«a perwcTpaTopa toio oK33biBaeT 
HecymecTBeHHoe anmme Ha pe3yribTaT w3MepeHwa. (lafleHue HanpiroeHMa Me>Kfly aneicrpoflaMM 6yfleT 
nponopuwoHanbHO yaenbHoPi aneiaponpoBOflHOCTH cpeflbi. 

npn norpyweHKW b Hcc/ieflyeMyio cpefly astmmk 3anonHaeTCfl >KMflKocTbio. 06-beM whakoctm cTporo 
cpMKCwpoBaH n 3aBMcwT ot reoMeTpMMecKMx pasiwepos flaTMUKa. npn npoTeKaHMH TOKa ot CTopoHHero 
MCTOMHHKa Ha aneicrpoflax B03HMKaeT pa3H0CTb noTeHuna^oB, KOTopan 3aBncwT ot yaenbHoSi 
aneicrponpoBOflHOCTM q MccneflyeiwOM cpeflbi m reoiweTpnn oSben/ia kmakoctm BHyTpw AaTMMKa. fl/ia 
CHM^eHiia neneHm nortapw3amiM tokobuCi 3ne«Tpofl BbinoriHeH b BMfle cnnoLUHoro flMCKa flna npepbiBaHwn 
napannenbHOfi Menu, KOTopaa wiorna 6w 3aiwbiKaTb flMCKOBbiK h KonbqeBOM sjieicrpoflbi no nccneflyeiwofi 
cpefle c BHeiuHe« cropoHbi flaTMMKa, ocHOBaHne CTaraHa BbinonHeHo us fluaneiapuMecKoro n/iaTepuana. 

Ana yBenuMeHwa tomhocto MMepeHMa q ycTpoflcTBOM Heo6xoflHMO, MTo6bi OKBMTOKOBbie nwHUw npn 
noflxofle k KonbueeoMy aneicrpofly 6binn napajinenbHbi. Ana aroro aneicrpofl pacnonaraeTca b cepeflnne 
craKaHa. Bnaroflapa sTOMy M3 M3MepnTenbHOM qenw wcKmoMaeTca ynacTOK c HeoflHopoflHbiM 3neKTpnHecKMM 
3neKTpnHecKMM no/iew. ToMHOCTb H3MepeHna q He onpeAenaeTca pacnojioxeHMewi flaTMMKa OTHocMTe/ibHO 
aKBMTOKOBbix riHHMfi. ripa nro6oM pacnonoweHra ycTpoticTBa b Mcc^eflyeMowi npocrpaHCTBe curia tok3 b 
M3MepMTenbHoii qenw 6yfleT OCTaBaTbca aoctstohho BbicoKofi npu iwanbix 3HaMeHwnx racnmero 
conpoTMBneHMa R. 

TaKMM o6pa3oivi, cpaBHeHMe 3aaBneHHoro peujeHMa c ApyraMi/i TexHkmecKHMM peuieHuaMU noKa3biBaeT, mo 
BBefleHHbiii aneMeHT aiMpOKO MSBecTeH, era BBefleHue b yKa3aHHoCi cbs3u cflpyrnMM aneMeHTaiwu 
ycTpowcTBa, TexHonorwMecKoro arperaTa u cropoHHero ucTOHHMKa nwTaHna, hx B3anMHoe pacnono>KeHMe 
npMBOfljrr k nonBiieHMK) hobux Bbiaieyi<a3aHHbix cbohctb, no3BonnioiiiMx noBbicwTb TOMHOCTb iiawiepeHMa 
yflenbHbix sneicrponpoBOflHOCTeCi >i<wflKHX cpefl npn Manbix TexHonorimecKux TOKax ot CTopoHHero 

MCTOMHHKa. 



3to flaeT B03iwo*HOCTb cflenaTb BbiBOfl o cootb6tctbmm npeflno>KeHHoro TeXHMMecKoro peiueHMP 
M3o5peTaTenbCK0My ypoBHra. 

Ha MepTeKe npeflCTasneHa cpyHKqwoHanbHaa cxewia ycTpo«CTBa atir W3MepeHMS yflenbHOM 

SneKTpOnpOBOflHOCTM. 



YcrpoMCTBO coflepjKMTflaTMMKyfleribHoPi ajieiaponpoBOflHOCTM, coctohu4mm m cTaKaHa 1, BbinonHeHHoro m 
flManeiapMMecKoro wiaTepMana, flwcKoeoro 2 m raribMeBoro 3 3neicrpoflOB, aTaioKe perwcTpaTop 4 
Hanpn>KeHMn, perwcTpaTop 5 tokb m nepeweHHbiii pe3MCTop 6. 

3neicrpoflbi 2 m 3 coeflMHeHbi Me>Kfly co6om sepes perncTparop 4 HanpaweHH*. flktcKOBbiii aneKTpofl 2 Mepes 
perwcTpaTop 5 TOKa m nepewieHHbiw pesMCTop 6 coeflMHeH c oahoSi ms uneiviM ncroMHHKa 7 nHTaHMa. 

CT3K3H, BbinoxiHeHHbiPi M3 flusneKTpMMecKoro MaTepwana, cnyxMTflna BbiMneHeKua M3 MccneflyewioM cpeflbi 
jiOKa/ibHoro npocTpaHCTBa c orpaHMMeHHbiM m tomho W3BecTHbiM oSbeMOM. npn 6oJibLUMX paSoMux 
TeivinepaTypax u arpeccMBHOM cpefle craKaH iwoweT 6biTb BbinonHen M3 noriMxnopBHHMria, TeKcraniiTa, 
cpToponnacrra. npn 6onee BbicoKMX TeivinepaTypax M3 MaTepnanoB c Sojibiueti TeMnepaTypofi nnaBneHMa 
HanpMwiep anyHfla. 

flHo CTaKaHa BbinoriHaeTca ms Tarara we Tsepfloro iwaTepMana, mto m CTeHKM CTaKaHa. B OTnuMwe ot 
npeflnaraeivioro ycTpo^cTBa b ycTpoMCTBe-npoTOTune n30^aqnoHHaH npoicnaflKa BbinonHeHa M3 
flMsneirrpMKa, Haxoflameroca b oflHowi M3 arperaTHbix coctoshwm: TBepfloiw, >KHflKOM, ra30o6pa3HOM. B 
MacTHOCTM, npoKnaflKa MOJKeT BbinonHSTbca M3 B03flyxa, oGnaflaioujero flocraTOMHO BbicoKofi 
flMsnein-pMMecKOM npoHMyaeiuiocTbio. B npeflnaraeivioM we ycTpoficTBe aho craKaHa He iwoxeT 6biTb whakum 
mxim ra3oo6pa3HbiM, TaK Kan b 3tom cnyMae auckobum aneicrpoA 6yfleT KOHTaicrM poBaTb c MccneflyeMOM 
cpeflow c flpyrofi cropoHbi craKaHa. B 3tom cnyMae Mepes perncTpaTop TOKa nofifleT flononHMTenbHbiii tok 
mto BHeceT 3HaMMTeribHbie norpeiUHocTM b npoaecc M3MepeHwa. 
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AMCKOBbin 3/ieiapoA BocnpuHMiwaeT Becb paSoHiiw tok, nporeiaioii(Mfl wepea flammc, noaTOMy oSnaAaeT 
BonbiueM nnomaflbto. Uonapmaum noHnxena, t 3 k kbk c yaenmemeu nnoma fl n yMeHbwaeTca nnoTHOCTb 
TOKa. Wepe3 vtmepmenbrnm aneKTpoA npoTeKaiOT He6o/ibiiMe tokm no cpaBHeHwo c TOKOBbiwi aneiapoflOM 
Bmmtwe nojinpn3aunM 3Aecb MHHHiuanbHO. 3/ieicrpoAbi Bbino/mniOTCH m MaTepwajia c BbicoKofi 
aneicrponpoBOAHocTbio m hhskoB cicnoHHOcTbK) k nosepxHOCTHOw nonapiraauMw. npw 3HawnTejibHofi 
TeMnepaType H3yMaeiwo« jkwakoK cpeflbi MaTepwan aneinpoflOB ppmBH o6naflaTb BbicoKoti 
)KaponpoMHOCTbio, a npn noBbiweHHOfi arpeccwBHoc™ cpeflbi xopoiuefi rappoawoHHofi cTofiKOCTbio ™6o 
*apocTOHKocTbio. 06a ajieicrpoAa iworyTSbiTb BbinonHeHbi v\z n/iaTOHbi, HepaoBeioiiieii CTanw a win 
bwcokmx TewinepaTypax us fln6opnAa uhpkohus, xapSnfla KpewiHun. 

nepeiweHHbifi pe3«cTop 6 BbinojiHaeT cpywaiiro racamero conpoTMB/ieHra w orpaHMMMBaeT MaKCMiwajibHo 
AonycTHMbiw tok ! emax , npoTeKaromwfi Mepes flHCKOBbiti sneicrpoA flaTHHKa b npeflenax 0,05-0,1 A. Era 
HOMHHanbHoe SHa^eHne R paccHWTbiBaeTCT no cpopwiy/ie R „ (1 o-20) U xx (1 } rfle 



g max 0 ' 05 - 0 ' 1 

HanpjBKeHwe xorrocroro xoAa cropoHHero MCTOHHMKa nuraHna TexHonormecicoro arperaTa b kotodom 
npoM3BOAMTcn M3MepeH«e, B. H 

YBenmeHvie emu rom CBepx l gmax BeAeT k 3HaHMTejibHoii aKTWBusauMM noiwpiraauMOHHbix npoueccoB Ha 
aneKrpoflaxM noHwweHMioTOMHOc™ muepeHm (cm. Moccerib IO.R Sneiupmecme noun nocroaHHbix 
tokob. Jl. 3HeproaTOMH3AaT, 1986, c.59, 81). 

flria noMeuieHiw astmukb b uccneAyeMyio cpeAy ycTpofiCTBo cHa6>KeH0 ujTaHroii, Hanpwviep, b B n fl e nonoro 
cTepxHH (Ha MepTe>Ke He noKa3aHa), saicpenneHHofi k cepeAMHe cTaKana AaTMUKa. npn HeooxoAwwocrw 
crepweHb BbinonHneTcn via wapocToiiKoro w waponpoHHoro wiaTepnanoB, bhvtpm Hero npoKnanbiBaror 
coeAHHUTejibHbie npoBOfla. 

YcTpoticTBo pa60TaeT cneAyioiAHM o6pa30M. 

AaTMMK norpy>KaK)T b HccneflyeMyto NWflKocTb, no KOTopou npoTeKaeT aneicrpuMecKUM tok, HanpHMep, b 
uinaKOByio BaHHy npn gneicrpoujjiaKOBOM nepemiaBe, npn sneKTpoiiinaKOBow HannasKe cBapKe urn 
nepeMeHHbiM peswcTopoM ycraHaBnwBaeTCfl BeriMMUHa TOKa b usMepirrejibHOM qenw, He npesbiaiaromaa 
0,05-0,1 A (npn AanbHefiiueivi yBexwmeHHM ci-mbi TOKa B03pacTaer nonapw3am<ifl awckoboto aneicrpoAa 
yeenMHHBaeTca BwiewaTenbCTBo b TexHonoriwecKHH npoqecc, Tpe6yraTcn fiaTMKKw 6onbUJnx paauepoB w 
Bbiwe AwawieTp no fl BOflfHAwx npoBOflos). 3aTeM cpMKcupyiOTcn noKasaHiw perncTpaTopoB tokb m 
HanpnweHMH. 



YAenbHan aneKTponpoBOAHOCTb wccneAyeMow cpeflbi Haxofli/i-rcn no cpopwiyne q £ i cmm m"' (2) rfle I cuna 

s% ■ 

Toica no noKa3aHMK) perincTpaTopa TOKa, A; 

U Hanpa>KeHiie no noKa3aHMio perwcTpaTopa HanpnweHun, B; 

I paccTOHHwe iwe>KAy aneicTpoAaMM, m; 

S nnoutaflb nonepenHoro ceneHMfi auckoboto aneicrpoAa, u 2 . 

K US aB^aeTCfl BeJWHHOM nOCTOSHHOH M 3aBMCMT OT reOMeTpHHeCKHX pa3MepOB flaTHMKa. OKOHHaTeJlbHO q 
K^I CMM^M" 1 (3) 



BBMAy iwajibix tokob, Mflymux Mepe3 perncTparap Hanp^KeHwa, MSMepnTe^bHbiPi aneicrpoA npaicraqecKW He 
noABepraeTca nojiapn3aqnoHHbiM npoqeccaM. B qenowi TOHHOCTHbie xapaKrepMCTHKH ycTpowcTBa npw I 
-0,05-0,1 A npaicraMecKH He 3aBi/icaT ot no^apn3ai4HOHHbix npoueccoB. 

MeTponornsecKHe xapaKTepucTMKH ycrpoRCTBa nonyneHbi npw cpaBHUTejibHOM MSMepeHMW pacTBopa KCI 
npw 20°C HopManbHoft KOHueHTpaqHM 0.1 H. Pe3yjibTa™ «3MepeHMfi npuBeAeHbi b raQnms. 

npeflnaraewioe ycrpowcTBo no cpaBHeHMio c npoTOTwnoM no3Bon«eT c 6o^bUJeCi TOHHOdbK) M3wiepHTb 
yAe^bHbie s^eicrponpoBOAHOCTO >kmakmx cpefl npw hm3kwx n/ioTHOcrax TOKa ot cropoHHero MCTOWHMKa TOKa 
ycTpoMCTBo npocrro no KOHCTpyKqHu. Hpouecc H3MepeHna npoiMe, newi npn Mcnonb30BaHM« ycTpo«ctBa- 
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npoTOTuna. 

OOPMYJIA M30BPETEHMH 

YCTPOtf CTBO flJIfl W3MEPEHHA YflEJlbHOtf 3JlEKTP0nP0B0flH0CTM XMflKHX CPEfl, cofiepacamee 
fluaxieicrpwwecKyro Tpy6Ky c pacnonoKeHHbiMM b Heft auckobwm w KOJibqeBbiM aneicrpoAaMM, 
fluaneKTpuMecKyio npoicnaAKy, pacnoJicoKeHHyto b6jim3m ot auckoboi-o aneicrpofla m o6pa3yiomyio BMecTe c 
flH3neKTpnMecK0fi Tpy6ico8 craKaH, peracrpaTop HanpaweHUfl, BKnKweHHbiii wieacAy awckobhm m KojibqesbiM 
3/ieicrpoflaMM, noflKnwMeHHbie k flHCKOBOMy anexTpoay m nocneAOBaTenbHO coeflMHeHHbie perwcTparop Toxa 
m nepeMeHHbin pe3ncrop, oTrtMHaKjLijeecfl Tewi, hto aho ciaKaHa, npeAcraBJiflioii|ee coSok AMsneKTpuHecKyK) 
npoKJiaflKy, BbinojiHeHO TBepflbiM u ms toto *e AuaneiopKHecKoro MaTepnana m toh ace ronnnHbi, hto m 
TpySna, a b KaHecrree KCTOHHWca nuiaHun flna M3MepeHua Mcno/ib30BaH mctomhmk nuTaHwn 
TexHo/iorwHecKoro npouecca, k Bbixofly KOTOporo noAKnroneH BTopofi bmboa nepeiweHHoro pe3Hcropa. 
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M3BELUEHMJ1 K nATEHTY HA M30BPETEHME 
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(54) Title DEVICE FOR MEASURING SPECIFIC ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA 

(57) Abstract Use: measurement of specific electric 
conductivity of liquid media under the action of 
external current sources. Invention essence: a 
device for measuring specific electric conductivity 

5 of liquid media comprises a sensor made in the 
form of a cup from a solid dielectric material, 
encased within which cup are a disk-shaped and a 
ring-shaped electrodes that are connected to a 
voltage recorder, the disk-shaped electrode being 
10 connected to a power supply via a current recorder 
and a variable resistor connected in series, wherein 
a technological process power supply is used as the 
power supply. 1 Figure, 1 Table. 
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DEVICE FOR MEASURING SPECIFIC 
ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA 

DESCRIPTION 
5 The invention relates to measuring 
equipments, in particular to devices for measuring 
specific electric conductivity of liquid media under 
the action of external current sources, including the 
measurement in local volumes at a low current 
10 density. 

Known is a sensor comprising a ceramic 
casing having a channel for lead-outs and a 
measuring cavity, two current electrodes, three 
potential probes connected to the measuring 
15 cavity. The ceramic casing is bottom-opened. A 
channel for purging the cavity with an inert gas is 
arranged between an upper end and the measuring 
cavity of the ceramic casing [1]. 

A drawback of this device is in impossibility 

20 to measure specific electric conductivities of liquid 
media under the conditions of a current 
simultaneously flowing therethrough from an 
external current source. This is due to that the 
measurement is performed from an internal current 

25 source. When an external current source is present 
in the measuring cavity, a current will be equal to 
the sum of two currents: internal one and external 
one, which brings about great inaccuracies and 
renders the measurement results unreliable. This 

30 makes it impossible to measure specific electric 
conductivity in an apparatus with a working 
current continuously flowing through a liquid 
medium, for example a raw mixture melt in an 
aluminum production electrolytic cell. In the latter, 

35 even a short-term interruption of the working 
current is impossible in the operating mode. 
Moreover, the sensor is complicated in structure. 

Known is a contact sensor comprising a 
dielectric tube having three ring-shaped electrodes 

40 one of which is arranged on the outside and the 
two others are mounted in the inside aflush with a 
tube wall surface, a voltage recorder, an 
amperemeter, a variable resistor, an internal 
current source and a switch, wherein the outside 

45 electrode and one of the inside electrodes are 
arranged at the middle of the tube, the inside 
electrodes are connected to each other via the 
voltage recorder, the outside and inside electrodes 
arranged at the middle of the tube are connected 

50 via the switch, amperemeter, current source and 
variable resistor all connected in series [2]. 

A drawback of this device is the close 
relationship between a value of current flowing 
through the measured portion of the medium to be 

55 investigated within the sensor, and its spatial 
orientation with respect to equi-current lines. Since 
a power current flows through one of the narrow 



ring-shaped electrodes included into the 
measuring circuit of the voltage recorder, 

60 polarization processes actively takes place at this 
electrode. Consequently, the measurement 
accuracy for specific electric conductivity of the 
medium to be investigated is decreased. 

Closest to the inventive device with respect 

65 to technical matter is a device for measuring 
specific electric conductivity, which is made in 
the form of a dielectric tube with current 
electrodes and ring-shaped measuring electrodes 
of which the current electrodes and one of the 

70 measuring electrodes are arranged within the 
tube, comprises an amperemeter and recorders, 
further comprises a variable resistor connected 
via the amperemeter to the ungrounded current 
electrodes made in the form of disks separated 

75 from each other by an isolation spacer, wherein 
the outside electrodes connected to the first 
recorder are arranged above the inside measuring 
electrode and the current electrode closest 
thereto, respectively, which are connected to the 

80 second recorder [3]. 

The device is of special-purpose and, when 
measuring specific electric conductivities of 
liquid media at low currents, its accuracy drops 
as the measured current value becomes 

85 commensurable with an inaccuracy of the 
amperemeter. When a resistance value of the 
variable resistor is decreased, an intensity of the 
current flowing through a portion of the medium 
to be investigated, which portion being arranged 

90 within the tube of the sensor, is increased. This 
increase is possible up to a limit restricted by the 
total electrical resistance of lead wires and the 
amperemeter. If an electric field strength at this 
portion of the medium to be investigated is small, 

95 a current intensity value from external current 
sources becomes then small. The value becomes 
close to a measuring error for the current 
intensity by the amperemeter when both the 
electric field strength and the current density 
100 from external current sources are quite low. The 
device does not permit to substantially affect the 
measurement accuracy by way of active 
intervention into the measurement process. For 
example, at low values of the electric field 
105 strength and the current density from the external 
current sources, an increase in current intensity at 
the investigated portion of the electrical circuit 
within the tube of the sensor is possible only by 
decreasing the resistance value of the variable 
110 resistor down to zero. A further increase in 
current intensity in order to enhance the 
measurement accuracy for specific electric 
conductivity of the medium becomes impossible. 
An essential drawback of this device is obligatory 
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orientation of the sensor along equi-current lines. 
This requires special means for orienting the 
sensor, which leads to raising the cost of this 
device. 

5 An object of the invention is in providing a 
device for measuring specific electric conductivity, 
a structure of which would allow to increase the 
measurement accuracy for specific electric 
conductivities of media to be investigated in 
10 volumes having minimal current density values 
from external sources. 

An essence of the invention is in that the 
device for measuring specific electric conductivity, 
comprising a sensor with a disk-shaped and a ring- 
15 shaped electrodes arranged therein, a current 
recorder and a voltage recorder connected between 
the disk-shaped and ring-shaped electrodes, a 
variable resistor, a device for inserting the sensor 
into a local volume to be investigated, further 
20 comprises a cup made of a dielectric material, 
wherein the disk-shaped electrode is connected to 
an external power supply via the current recorder 
and the variable resistor. 

The device permits not only to carry out the 
25 measurement in a liquid medium under the action 
thereupon of external current sources, but also to 
use these sources in the measurement process. By 
varying a resistance value of the variable resistor, 
it is possible to affect the measurement accuracy 
30 and to obtain good results even at low 
technological currents from the external current 
source, i.e. those currents that flow through the 
liquid medium in an apparatus. This is possible 
thanks to that, by connecting the current disk- 
35 shaped electrode with one of terminals of the 
power supply, a portion having a much greater 
resistance than that of the isolation spacer in the 
known device is excluded from the electrical 
circuit. In the inventive device, a cross-section of 
40 the excluded electrical circuit portion corresponds 
to an effective cross-section of a bath in the 
apparatus, over which section the current spreads 
within the apparatus, and a length of said portion 
corresponds to a distance from the disk-shaped 
45 electrode of the sensor to an electrode of the 
apparatus, which is connected to one of the 
terminals of the power supply. This distance can 
also exceeds a length of the isolation spacer of the 
closest prior art in many times. When a resistance 
50 of the variable resistor is decreased, an electric 
field strength and a current density at the measured 
portion of the medium to be investigated are 
increased. Thus, a current intensity can be 
increased so much that a measurement error of the 
55 current recorder has an unessential effect on the 
measurement result. A voltage drop between the 



electrodes will be proportional to a specific 
electric conductivity of the medium. 

Upon immersion into the medium to be 

60 investigated, the sensor is filled with a liquid. A 
volume of the liquid is strictly fixed and depends 
on geometric dimensions of the sensor. When a 
current flows from the external current source, a 
potential difference occurs across the electrodes, 

65 which potential difference depends on the 
specific electric conductivity q of the medium to 
be investigated and on the geometry of the liquid 
volume within the sensor. In order to lower the 
polarization phenomenon, the current electrode is 

70 shaped as a solid disk. In order to interrupt a 
parallel circuit which could close the disk-shaped 
and ring-shaped electrodes via the medium to be 
investigated at the external side of the sensor, a 
base of the cup is made of a dielectric material. 

75 In order to improve the measurement 
accuracy for q by the device, it is necessary that 
equi-current lines be parallel when approaching 
to the ring-shaped electrode. To this end, the 
electrode is located in the middle of the cup. Due 

80 to this, a portion having a non-uniform electrical 
field is excluded from the measuring circuit. The 
measurement accuracy for q is not determined by 
a position of the sensor with respect to the equi- 
current lines. At any position of the device in the 

85 space to be investigated, the intensity of current 
in the measuring circuit will remain sufficiently 
high at low values of dropping resistance R. 

Thus, a comparison of the claimed solution 
with other technical solutions shows that the 

90 incorporated element is widely known, its 
incorporation in said connection with other 
elements of the device, the technological 
apparatus and the external power supply and their 
mutual positioning result in occurring the new 

95 above-mentioned properties which allow to 
improve the measurement accuracy for specific 
electric conductivities of liquid media at low 
technological currents from the external current 

100 This makes it possible to conclude that the 
claimed technical solution involves an inventive 
step. 

In the drawing, a functional diagram of the 
device for measuring specific electric 
105 conductivity is shown. 

The device comprises a specific electric 
conductivity sensor consisting of a cup 1 made of 
a dielectric material, a disk-shaped electrode 2 
and a ring-shaped electrode 3, and also a voltage 
110 recorder 4, a current recorder 5 and a variable 
resistor 6. 

The electrodes 2 and 3 are connected 
therebetween via the voltage recorder 4. The 
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disk-shaped electrode 2 via the current recorder 5 
and the variable resistor 6 is connected with one of 
the terminals of the power supply 7. 

The cup made of a dielectric material serves 
5 to articulate from the medium to be investigated a 
local space having a limited and precisely known 
volume. At high working temperatures and in an 
aggressive medium, the cup can be made of 
polyvinylchloride, a textolite, a fluoroplastic, and 

10 at higher temperatures of materials having a higher 
melting temperature, for example alundum. 

A bottom of the cup is made of the same 
solid material as walls of the cup. In contrast of the 
inventive device, the closest prior art device has an 

15 isolation spacer made of a dielectric present in one 
of the aggregative states: solid, liquid, gaseous. In 
particular, the spacer can be made of air exhibiting 
a sufficiently high dielectric permittivity. In the 
inventive device, the cup bottom cannot be liquid 

20 or gaseous because in this case the disk-shaped 
electrode will contact the medium to be 
investigated at the other side of the cup. In this 
case, an additional current will flow through the 
current recorder, which will bring about substantial 

25 inaccuracies into the measurement process. 

The disk-shaped electrode senses all the 
working current flowing through the sensor and 
therefore has a greater area. The polarization is 
lowered because the current density decreases as 

30 the electrode area increases. Small currents flow 
through the measuring electrode as compared to 
the current electrode. Here, an effect of the 
polarization is minimal. The electrodes are made 
of a material having a high specific electric 

35 conductivity and a low susceptibility to surface 
polarization. At a substantial temperature of the 
liquid medium to be studied, the electrode material 
has to exhibit a great high-temperature strength 
and, in case of increased aggressiveness of the 

40 medium, a good corrosion resistance or heat 
resistance. Both of the electrodes can be made of 
platinum, stainless steel and, at high temperatures, 
of zirconium diboride, silicon carbide. 

The variable resistor 6 performs the function 

45 of dropping resistance and restricts a maximum 
permissible current I gmax flowing through the disk- 
shaped electrode of the sensor in a range of 0.05- 
0.1 A. A nominal resistance value R of the variable 
resistor is calculated by the formula 

where U oc is an open circuit voltage of the 
external power supply of the technological 
apparatus in which the measurement is carried out, 
V. 



55 An increase in current intensity above the 
Igmax results in a substantial activation of the 
polarization processes at the electrodes and in a 
decrease in the measurement accuracy (see Iossel 
Yu. Ya., Electrical fields of constant currents. 

60 Leningrad, 'Energoatomizdat' publisher, 1986, 
p.59, 81). 

In order to place the sensor into the 
medium to be investigated, the device is provided 
with a steam, for example in the form of a hollow 
65 rod (not shown in the drawing), fixed to the 
middle of the sensor cup. If necessary, the rod is 
made of heat-resistant and high-temperature 
materials, and connecting wires are laid within 
said rod. 

70 The device operates as follows. 

The sensor is immersed into the liquid to 
be investigated through which an electrical 
current flows, for example, into a slag bath in 
electroslag remelting, in electroslag hard-facing, 

75 in slag welding and so on. An intensity of the 
current in the measuring circuit is set by the 
variable resistor so as not to exceed 0.05-0.1 A 
(if the current intensity increases further, the 
polarization of disk-shaped electrode raises, the 

80 intervention into the technological process 
enhances, sensors of greater dimensions are 
required, and a diameter of the lead wires is 
higher). Then, readings of the current and voltage 
recorders are noted. 

85 A specific electric conductivity of the 
medium to be investigated is found out by the 
formula 



where I is a current intensity according to the 
90 reading of the current recorder, A; 

U is a voltage according to the reading of the 
voltage recorder, V; 

L is a distance between the electrodes, m; 
S is a cross-section area of the disk-shaped 
95 electrode, m 2 . 

K=L/S is a constant and depends on 
geometrical dimensions of the sensor. Finally, 

q = Kxi-,S-m 1 (3). 

In view of the low currents going through the 
100 voltage recorder, the measuring electrode is not 
practically subjected to the polarization 
processes. In general, the accuracy performance 
of the device at I = 0.05-0.1 A is practically 
independent of the polarization processes. 
105 Metrological performance of the device 
was obtained during a comparative measurement 
of a KC1 solution of a 0.1N normal concentration 
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at 20°C. The measurement results are given in the 
table. 

When compared to the closest prior art, the 
inventive device allows to measure, with a greater 
5 accuracy, specific electric conductivities of liquid 
media at low current densities from external 
current sources. The device structure is simple. 
The measurement process is easier than that using 
the closest prior art device. 

10 CLAIM: 

A DEVICE FOR MEASURING SPECIFIC 
ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA, comprising a dielectric tube with a disk- 
shaped and a ring-shaped electrodes arranged 

30 



15 therein, a dielectric spacer arranged near the disk- 
shaped electrode and forming a cup together with 
the dielectric tube, a voltage recorder connected 
between the disk-shaped and ring-shaped 
electrodes, a current recorder and a variable 

20 resistor connected in series to the disk-shaped 
electrode, characterized in that a cup bottom 
being the dielectric spacer is made to be solid and 
of the same dielectric material and of the same 
thickness as the tube, and a technological process 

25 power supply is used as a measurement power 
supply, a second terminal of the variable resistor 
being connected to an output of said power 
supply. 
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